1. Background
=============

Ultrasound skills are useful in clinical practice and can greatly enhance a physician's ability to care for patients \[[@R1]\], \[[@R2]\], \[[@R3]\], \[[@R4]\], \[[@R5]\]. Since some skills are expected even from novice physicians \[[@R6]\], \[[@R7]\], there is a broad consent to incorporate ultrasound training into the undergraduate education \[[@R8]\], \[[@R9]\], \[[@R10]\]. The Task Force National Competence-Based Learning Objectives for Undergraduate Medical Education (NKLM) in Germany even mandates the teaching of ultrasound skills \[<http://www.nklm.de>\].

In order to perform ultrasound examinations, the medical students have to master theoretical knowledge and acquire the technical ability to scan and correctly interpret the ultrasound images \[[@R9]\], \[[@R11]\]. For the practical teaching most faculties rely on a hands-on training in very small groups supervised by student-tutors \[[@R12]\]. This concept is well accepted and it could be established that, as far as basic ultrasound skills are concerned, student-tutors are able to achieve similar teaching results as faculty members \[[@R12]\], \[[@R13]\], \[[@R14]\], \[[@R15]\].

However, data on different concepts to train student-tutors are scarce and there is no accepted standard \[[@R12]\]. Essentially there are two possible ways to train student-tutors: a course or an internship in an ultrasound laboratory. A course has the advantage that the instructors have full control over the content and can thus make sure that all topics the student-tutors are expected to teach in the curriculum are covered. In addition, a large number of student-tutors can be trained simultaneously. On the other hand, the time in which the students can practice the actual scanning technique is limited in a course and the organizational effort to train student-tutors is high. An internship approach to train student-tutors usually provides students with a lot of opportunity to practice and to encounter many pathologies. In this case, the organizational effort to implement a student-tutor training program is relatively low. However, there is a factor of chance and it cannot be guaranteed that all topics relevant to the curriculum are sufficiently covered in daily practice. Moreover, the number of student-tutors that can be trained in internships is limited by the capacity of the respective ultrasound laboratories.

A combined training comprising both a course and an internship does offer training with full control over the content as well as the opportunity to learn the scanning skills hands-on and see real life pathologies. A combined training however also comes with both disadvantages described above: A substantial effort to implement the student-tutor training program and the limited capacity by the ultrasound laboratories.

In previous studies all concepts were employed \[[@R12]\] but so far it remains unclear whether all concepts yield the necessary skill-gain for the tutees to teach the skill effectively.

We trained three batches of student-tutors with either a course only (C-group), an internship only (I-group) or a course combined with an internship (CI-group). In an initial investigation we assessed the success of this training: All three teaching methods for the future student tutors resulted in significant (all p\<0.001) and comparable improvements in the future tutors' theoretical knowledge as well as in their practical scanning skills; for details please refer to \[[@R16]\].

However, the ultimate outcome for the student-tutor training is the skill acquisition of their tutees. Therefore, the aim of the present study was to assess prospectively, by employing a pre-post-design, whether the tutees were able to effectively improve their scanning-skills (OSCE scores) -- and if so -- whether this improvement was dependent on the training of their student tutors.

2. Methods
==========

2.1 Study design and assessment
-------------------------------

A prospective quasi-randomized pre-post-design was employed in this trial. During the course organization the student-tutors applied for the planned lecture hours. At the commencement of course, the tutees allocated themselves among the tutors in roughly equally sized groups with a resulting tutee/tutor ratio of around 4:1.

### 2.2 Student-tutors

The student-tutors teaching the course were trained over four consecutive terms as follows: For two terms we concomitantly trained students by either a course only or an internship only, and for two terms the students received a combined training of a structured course and an internship. All students for the tutor teaching program were recruited from 3-5th year and accepted in the order of their application without further selection criteria.

All student tutors sat a standardized didactical training for 1,5 days.

The course only-group (C-group) participated in a five day training program held by faculty members. The learning goals were presented with lectures followed by hands-on practicals with two students per ultrasound device and sessions of job shadowing in ultrasound laboratories. The content of the structured course can be summarized as follows: The first day covers the basic physics and the handling of the ultrasound device as well as image optimisation and the ultrasound anatomy and pathologies of liver, gallbladder, and bile ducts. On the second day, the student-tutors learned ultrasound anatomy and pathologies of the retroperitoneum, abdominal vessels, lymph nodes, pancreas, spleen, kidneys, bladder, uterus, and prostate. On the third day all the learned skills were integrated into a systematic examination of the abdomen and a special session on focused echocardiography in emergency life support (FEEL) was taught. The fourth day covered the thyroid, jugular veins, carotid arteries, and lymph nodes - again including their anatomy, scanning technique, and pathologies and duplex sonography and compression sonography of the deep veins. On the fifth and last day thoracic ultrasound and ultrasound in trauma assessment (eFAST) was taught. Overall, the students had seven hours of lecture, 21 hours of hands-on-training and 2.5 hours of job shadowing in ultrasound laboratories. The students were handed a script covering all learning goals with picture examples of pathologies.

In the laissez fair internship only-group (I-group) the students were handed the same script and asked to use it to prepare for the internship. In addition, they had a two hour meeting with a faculty member who explained the handling of the ultrasound device, orientation, artefacts and basic ultrasound anatomy. The students were free to roam through six different ultrasound laboratories for a minimum of 21 and a maximum of 35 days. The student-tutors were asked to switch rooms as soon as they felt they had mastered the learning goals of the respective ultrasound laboratory.

In the course plus internship-group (CI-group) the future tutors sat the same course as the C-group, followed by a structured 21-day rotation through seven ultrasound laboratories (the six laboratories the students in the I-group had access to and the intensive care unit) with three weekdays for each station. The students were also handed the same script.

### 2.3 Tutee training

The tutees were recruited from the mandatory internship internal medicine in 5th year. Although the participation in the ultrasound course was compulsive, the students were asked to participate on a voluntary basis in the anonymized objective structured clinical examination (OSCE).

The tutee training course was identical for all tutees. Prior to the course the tutees sat a lecture held by a faculty member on physics of ultrasound, artefacts, handling of the ultrasound device and orientation. The tutees were handed the same script as the student-tutors. The subsequent ultrasound course lasted 12.5 hours in total, divided into three sessions. The first and last 30-45 minutes of each course was dedicated to the OSCE.

### 2.4 Assessment

At the beginning and the end of the course the tutees were asked to depict and label 14 anatomical structures within a timeframe of 8 minutes, using three images at most. All images were rated by two experienced sonographers who were blinded to the tutor education and the study phase (pre or post). For every label with a clearly identifiable corresponding structure on the image, the students were awarded two points. For every label with a possibly identifiable structure, the students were awarded one point. If a label was missing or the corresponding structure could not be identified, no points were given. The achieved tutees' scores where then calculated as the average score of the two independent ratings.

The course and the assessments were conducted with four identical ultrasound devices (ACUSON X 300 PE, Version 7.0, Siemens Healthcare, Erlangen, Germany).

### 2.5 Statistics

Sample size calculations were based on a previous publication with the same assessment \[[@R13]\] and revealed that 10 tutees (per group) were necessary to achieve a power in the excess of 80% to find an improvement of 7 points in their OSCE scores as significant at an alpha level of 5%.

Inter-rater agreement was assessed by linear regression and an intraclass correlation coefficient (ICC) \[[@R17]\]. Categorical variables were displayed as percentages. Numerical variables proved to be reasonably normally distributed and thus means (± standard deviations (SD)) were used for descriptive purposes and supplemented by 95% confidence intervals (95% CIs) for the main outcome measures. Paired t-tests were employed for pre/post statistical comparisons within groups; one-way ANOVA was used for tests between groups. For all tests, a p-value of less than 0.05 was regarded as statistically significant.

### 2.6 Ethics

The project was approved by the local ethics committee of the University of Tuebingen, number 667/2016BO2. All participants gave written consent and could withdraw study participation at any time without giving any reasons.

3. Results
==========

Overall, a total of 124 students enrolled into the mandatory internship Internal Medicine program. Of those, 75 (60.5%) completed the voluntary pre- and post-OSCE and thus constitute the study sample of the tutees. The characteristics of the tutees in the three different training groups are detailed in table 1 [(Tab. 1)](#T1){ref-type="fig"}. A total of 18 tutors were trained for the program; 5 taught in the C-group; 3 in the I-Group and 10 in the CI group.

The inter-observer agreement between the two independent raters of the OSCE proved to be nearly ideal with a resulting linear correlation coefficient of 0.96 (p\<0.001) and an ICC of 0.96 (95% CI=0.94-0.97; p\<0.001) thus delivering a solid base for the OSCE scoring (see figure 1 [(Fig. 1)](#F1){ref-type="fig"}).

The groups were essentially comparable, only the C-group revealed slightly better pre-OSCE results than the two other groups. There was a slight, nonsignificant trend towards an older age and more ultrasound exposure in the C-group compared to the other groups. Theoretical knowledge and practical ultrasound skills, pre- and post-training, as well as the observed gains (in absolute and in relative terms) within the three groups are displayed in table 1 [(Tab. 1)](#T1){ref-type="fig"}.

All teaching groups improved substantially, significantly, and comparably in both theoretical knowledge and practical skills (all p\<0.001, paired t-tests).

The main outcome measures (mean gains) are displayed together with their 95% confidence limits in figure 1 [(Fig. 1)](#F1){ref-type="fig"} and table 1 [(Tab. 1)](#T1){ref-type="fig"}.

4. Discussion
=============

In this study, we assessed the acquisition of scanning skills by fifth year medical students taught by student-tutors who were trained with three different teaching concepts: a laissez fair internship; a highly structured ultrasound course; or an ultrasound course followed by a highly structured 21 day rotation through seven different ultrasound-laboratories. The average gain in scanning skills was substantial and significant within each group and very similar between the groups.

This is the first study to assess the actual learning effects of the tutees taught by tutors who sat different student-tutor training concepts; previous studies nearly exclusively focused on the satisfaction with the tutors only.

Tarique found in his extensive review that student-tutors who were trained only one week were rated inferior to faculty members, while student-tutors who were trained 2-4 weeks were rated equally \[[@R12]\]. Ahn and colleagues compared student-tutors from 4^th^ year and found that students,who were trained with a four-week internship were rated higher than students with a two-week internship \[[@R18]\]. However, the satisfaction with the student-tutors is only an indirect measure of the learning outcome. In our study, the student-tutors who were trained with a course only -- and thus for one week only -- achieved a significant skill improvements in their tutees comparable to the student-tutors of the I- or CI-group, who were trained for four to six weeks.

Several investigations showed that the ultrasound student-tutor concept can provide substantial and lasting scanning abilities in tutees \[[@R13]\], \[[@R14]\], \[[@R15]\]. Dinh reported that medical students scored nearly as high as residents in an ultrasound-scanning OSCE with a remarkable improvement compared to ultrasound-naive students, but they did not state how their tutors were trained \[[@R19]\]. These studies did not compare different concepts to train student-tutors.

Another study compared the learning results of the student-tutors: Fox et al. measured the knowledge gain of students in emergency sonography and found a four-week internship superior to a two-week internship \[[@R20]\]. In our opinion, not only the length of the training, but also the complexity of the skills to be taught has to be taken into consideration. For more complex echocardiography skills even after a three-week internship the student-tutors did not achieve the same teaching success as faculty members \[[@R14]\]. On the other hand, a 30 minute training and a one week self-study phase was sufficient to train student-tutors to teach musculoskeletal ultrasound \[[@R15]\].

It should thus be emphasized here that our ultrasound curriculum comprises only very simple ultrasound skills. When developing the course, all involved parties agreed that only those skills that can be mastered in a very short timespan are suitable for a faculty wide ultrasound curriculum. This is because the vast majority of students do not have the opportunity for extensive supervised practice in ultrasound laboratories.

We assessed the learning outcome under real-life conditions and on a voluntary basis; an approach which implies some limitations: first of all, only 60.5% of the students enrolled in the class completed both voluntary assessments. The students were self-allocating to their tutors, so we added some demographics to the pre-test data collection. It was found that females were under-represented in the CI-group. However gender did generally not significantly influence the learning outcome and nor did multivariate adjustment reveal any relevant changes to the displayed bivariate findings (data not shown).

Although we aimed for a tutor/tutee-ratio of 1:4, due to tutees and tutors not showing up for class, this ratio differed slightly between the groups.

The student-tutors in the C- and the I-group had an average of two terms more teaching experience. On the other hand, this obviously also coincided with an equally longer time period to forget the content of the initial training.

We assessed only the practical scanning skills of the tutees since the theory and the pathologies were taught with an identical lecture and script for all students and only the actual scanning was supposed to be conveyed by the student-tutors.

The employed assessment of the scanning skills can only deliver a rather conservative measure of the actual skills: There is always some data loss on a still-frame in comparison to a moving picture; some information may be obscured by the labels; and the students also had a time- and image limit to allow for a standardization of the assessment-conditions. Thus, while the assessment was designed to provide a reliable measure for relative comparisons of the scanning skills, it is likely to underestimate the true, absolute, abilities of the students.

The study was only powered to detect relevant learning gains (\>7 OSCE points) as significant within the tutees' groups defined by different student-tutor education strategies. It was not powered to detect potential differences between these groups. For this former aim, we already had to recruit student-tutors over four consecutive terms. Sample size calculations for the latter aspect revealed that group sizes in the excess of 160 tutees per group would be necessary to detect potential subtle differences in performance between the groups (data not shown). In order to achieve this type of recruitment numbers however, the program would have to be implemented in about ten middle sized medical faculties adding not only a much longer time frame but also additional complexity from potential center-effects to the study. For these reasons, we found it prudent to settle for the more pragmatic proof of concept approach presented here and to study, whether all three approaches are worthy of further investigation.

In conclusion, under real life-conditions, 5^th^ year medical students in a mandatory faculty-wide ultrasound course were able to successfully acquire scanning skills regardless whether their student-tutors were educated by a laissez fair internship, a highly structured ultrasound course or an ultrasound course followed by highly structured 21 day rotation through seven different ultrasound-laboratories. So medical faculties striving to implement a faculty-wide ultrasound course can probably train their student-tutors in a way that optimally suits their specific conditions. Further studies are necessary to investigate, whether one training concept is superior over the others.
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